Signal transducer and activator of transcription 3 (STAT3) promotes tumor progression in many types of cancer. In this study, we analyzed the prognostic value of this marker in human intrahepatic cholangiocarcinoma (ICC). Using real-time PCR, western blot and immunohistochemistry assays, we found that STAT3 is overexpressed in ICC patients. STAT3 expression correlated with several clinicopathological features, including tumor size, pathological satellite, vascular invasion, undifferentiated-type histology, lymph node metastasis and TNM stage in two independent cohorts of ICC patients. Patients with high STAT3 levels had a poor prognosis in terms of overall survival (OS) and disease-free survival (DFS). Multivariate survival analysis indicated that STAT3 is an independent prognostic factor for OS and DFS. Furthermore, we observed that STAT3 overexpression promotes the invasion, metastasis and proliferation of ICC cells in vitro and in vivo, and also promotes STAT3 phosphorylation. These findings suggest that STAT3 expression correlated negatively with surgical outcome and inhibition of STAT3 expression may constitute a novel target for the treatment of ICC patients.
INTRODUCTION
Intrahepatic cholangiocarcinoma (ICC) arises from malignant transformation of epithelial tissue in the small bile ducts, and is the second most common primary cancer of the liver. The prognosis of ICC is very poor, with the median survival for patients who do not undergo surgery being 6 months, and the 5-year survival rate for patients following complete resection being only 20%-40% [1] [2] [3] [4] . In the last decades, the incidence and mortality of ICC has been progressively increasing, while being relatively stable or even slightly decreased for extrahepatic cholangiocarcinoma [2, 3, 5] . The poor prognosis of patients with ICC largely results from the high frequency of recurrence and metastasis after surgical resection, in addition to resistance to systemic chemotherapy [6] . Limited therapeutic options and poor prognosis have triggered a search for molecular markers informative of clinical outcome, which might constitute viable therapeutic targets.
STAT3 is a latent cytoplasmic transcription factor that serves the dual functions of a signal transducer and activator of transcription [7, 8] . STAT3 can be activated by EGFR or IL-6. Once activated by phosphorylation, STAT3 dimerize and translocate to the nucleus, where it activates transcription and in turn modulates cell proliferation, apoptosis and differentiation [7] [8] [9] . STAT3 promotes both inflammation and cancer. Constitutive activation of STAT3
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has been detected in a variety of primary human epithelial tumors including squamous cell carcinomas (SCCs) of the head and neck, breast, ovary, prostate and lung [10] [11] [12] [13] . However, the STAT3 expression level and the significance of which in the prognosis of ICC patients that undergo curative hepatectomy have not been reported. Using a proteomics approach, we identified elevated STAT3 expression in ICC tumor tissues compared with paratumor specimens. Therefore, it is meaningful to investigate the clinical significance and biological function of STAT3 in the development of ICC.
In addition to investigating the expression pattern of STAT3 and determining its contribution to ICC progression and its clinical prognostic value, we also assessed the functional roles of STAT3 in ICC development and its therapeutic potential. Our results indicate that the expression of STAT3 is significantly correlated with several clinical characteristics and is able to predict the outcome of ICC patients after surgical resection. This cytoplasmic transcription factor may also serve as a therapeutic target for the treatment of ICC.
RESULTS

STAT3 is overexpressed in ICC tumor specimens
A real-time RT-PCR assay was performed to analyze STAT3 transcripts in frozen paired samples derived from Cohort A patients with ICC and adjacent liver tissues, with 82% (50 of 61) of tumor tissues having higher expression than the adjacent liver tissues ( Figure 1A ). The upregulation of STAT3 was confirmed by western blot and immunohistochemical assays ( Figure 1B-1C) . These results suggested that STAT3 was highly expressed in ICC.
Association of the STAT3 expression with prognosis
Kaplan-Meier curves comparing the survival of ICC patients with high and low STAT3 expression in two cohorts (n = 61 for cohort A, n = 98 for cohort B) are shown in Figure 2 and Figure S1 . STAT3 expression correlated negatively with overall survival (OS) and disease-free survival (DFS) of ICC patients (Figure 2A -2B, Figure S1A -S1D). When pooling all the patients from both cohorts together (n = 159), univariate analysis revealed that the hepatitis C virus (HCV) infection, tumor size, pathological satellite, lymph node metastasis, TNM stage and STAT3 levels were predictors of OS. Furthermore, the alpha fetoprotein (AFP), tumor size, pathological satellite, microvascular invasion, TNM stage and STAT3 levels were statistically correlated with DFS (Table 1) . These significative parameters were further subjected to multivariate Cox proportional-hazards model, which demonstrated that the tumor size, TNM stage and STAT3 expression level were correlated strongly with OS and DFS ( Figure 2C ). Multivariate survival analysis indicated that STAT3 expression was an independent prognostic factor for OS and DFS ( Figure 2C ).
Association of STAT3 expression with clinicopathological features
We next examined the relationship between the STAT3 expression in tumor tissues and various clinicopathological characteristics of 159 ICC patients using TMA analysis ( Table 2 ). The expression of STAT3 was significantly correlated with the tumor size, pathological satellite, vascular invasion, undifferentiatedtype histology, lymph node metastasis and TNM stage. In the current study, in order to further confirm the relationship between the expression of STAT3 and lymph node metastasis, we examined STAT3 expression in 15 ICC primary tumor and lymph node metastasis tissues ( Figure 3A ). The expression of STAT3 was higher in metastasis lymph node lesions than ICC primary tumor tissues in most cases (9/15), which suggested that high expression of STAT3 correlated with a greater likelihood of lymph node metastasis.
STAT3 expression promotes the migration of ICC cells
To further explore the relationship between STAT3 expression and the metastasis capacity of ICC, we constructed STAT3 overexpression plasmids. The ICC cell lines RBE and HUCCT1 were transfected with such plasmids in vitro ( Figure 3B ), and were then used for scratch test and transwell experiments. Figure 4A -4C shows that the overexpression of STAT3 resulted in increased cell invasion and migration of ICC cells compared with control, demonstrating that STAT3 overexpression promotes ICC metastasis. Meanwhile, when we inhibit STAT3 expression with siRNA, the metastasis capacity of ICC cells was blocked (Figure 4 ).
STAT3 expression promotes the proliferation of ICC cells and activates the STAT3 phosphorylation
When compared with negative controls, RBE cells overexpressing STAT3 showed increased proliferation ability in vitro and in vivo, as estimated by CCK8 and subcutaneous tumor-burdened assays, respectively ( Figure 5A -5B). To further study the underlying mechanism by which STAT3 overexpression promotes proliferation and metastasis of ICC cells, we measured STAT3 phosphorylation. The results shown in Figure 5C and Figure 1B suggest that STAT3 overexpression accelerated the progression of ICC by activating STAT3 phosphorylation. www.impactjournals.com/oncotarget The TMA assay was performed to detect of the STAT3 expression. The STAT3 was stained with an anti-STAT3 antibody, and the samples were grouped into high and low expression group according to the STAT3 intensity (magnification, ×100). www.impactjournals.com/oncotarget DISCUSSION STAT3 levels have been reported to correlate with prognosis for many types of cancers, such as acute myeloid leukemia [17] , breast cancer [18] , and anaplastic astrocytomas [19] , among others. Herein, we demonstrated that STAT3 expression was upregulated at both the mRNA and protein levels in ICC samples. We also investigated the association of STAT3 expression with clinicopathological features in two independent cohorts of ICC patients. We found that high STAT3 expression correlated with multi malignant clinicopathological characteristics, including gross tumor size, pathological satellite, vascular invasion, undifferentiated-type histology, lymph node metastasis and TNM stage. On the other hand, Kaplan-Meier analysis showed that ICC patients with lower STAT3 expression had a better outcome. Furthermore, multivariate analysis revealed STAT3 expression to be an independent prognostic indicator of survival after surgical resection. Therefore, our results suggest that STAT3 expression should be used as a prognostic biomarker for disease outcome in ICC.
Lymph node metastasis has been reported as a prognostic factor of poor prognosis in ICC [12, 14, 15, 17, [20] [21] [22] [23] [24] . In our previous study [24] , multivariate analysis showed that lymph node metastasis correlated with both the OS and DFS of ICC patients. The median survival time of ICC patients without lymph node metastasis was longer than that of those with lymph metastasis (23 months vs 8 months).The presence of lymph node metastasis correlated with other poor prognosis factors, such as gross type of tumor, poorly or undifferentiated tumor, vascular invasion, and perineural invasion. In the current study, we found that the expression of STAT3 was higher in lymph node lesions than that in ICC primary tumor tissues in most cases, which suggested that high STAT3 expression correlated with a greater likelihood of lymph node metastasis. In vitro, the overexpression of STAT3 increased cell invasion and migration of ICC cells compared with controls. Thus, high STAT3 expression was an indication of more lymph node metastasis and increased tumor burden in vivo and in vitro.
STAT3 acts as a latent transcription factor that primarily mediates signaling from cytokine and growth factor receptors [7, 8, [17] [18] [19] , which results in the phosphorylation of STAT3 and triggers a Given the lack of effective adjuvant treatments for ICC, radical surgery is still commonly performed.
However, prognosis remains dismal for ICC patients owning to the high recurrence rate after radical resection. In the present study, we found that high expression of STAT3 correlated with tumor progression and poor prognosis in ICC, suggesting that STAT3 expression promotes proliferation and metastasis in ICC. We propose that STAT3 markers could be used in the clinic to classify ICC patients. Furthermore, inhibition of STAT3 expression may offer a novel promising target for the treatment of ICC. 
were obtained from all the patients for surgical treatment and pathological examinations according to the institutional guidelines. The histological grade of the tumor was defined according to the Edmondson grading system. Tumor staging was performed according to the 7th edition of the tumor-node-metastasis (TNM) classification of the International Union Against Cancer [14] .
The specific materials included in this study were selected to include patients who underwent curative surgery without chemotherapy or radiotherapy at a time when these adjunctive therapies were not the standard of treatment. Paraffin embedded tumor tissues were available for the patients included in this study. The follow-up period was defined as the interval from the date of surgery to the date of death or the last follow-up. Patients who died from other causes were treated as censored cases. Overall survival (OS) was defined as the interval between the dates of surgery and death. Disease-free survival (DFS) was defined as the interval between the dates of surgery and recurrence; if recurrence was not diagnosed, patients were censored at the date of death or the last follow-up.
Tissue microarray and immunohistochemistry analysis
The 5 µm-thick tissue sections of surgically resected intrahepatic cholangiocarcinoma were deparaffinized in xylene and hydrated with graded ethanol and distilled water. Immunohistochemical staining was performed employing the Dako Cytomation Envision-System-HRP (DAB) (Dako Cytomation, Carpinteria, CA) as described previously [15] . The following steps were performed at room temperature unless otherwise specified. Briefly, after inhibition of endogenous peroxidase activity with blocking solution containing 0.03% H 2 O 2 supplied by the kit for 5 minutes, the sections were incubated in blocking buffer (5% normal goat serum in phosphate-buffered saline containing 0.05% Tween-20) for 30 minutes, and incubated over-night with mouse monoclonal STAT3 antibody (sc-8019) diluted 1:200 with blocking buffer at 4°C overnight. For negative control, the primary antibody was replaced with normal mouse immunoglobulin. Finally, the visualisation signal was developed with diaminobenzidine, and the slides were counterstained with haematoxylin. Stained sections were evaluated in a blinded manner without prior knowledge of the clinical information using the score system as described previously [16] : 0, negative staining (0-10% positive); +, weak signal (10-20% positive); ++, intermediate signal (20-50% positive); +++, strong signal (> 50% positive). Cases with discrepancies in the scores were discussed together with other pathologists until a consensus was reached.
Overexpression and inhibition of STAT3
The full-length STAT3 plasmid (pcDNA3.1-STAT3) was constructed by inserting a PCR-amplified full-length STAT3 fragment into the NheI/HIND3 sites of pcDNATM3.1 vector (Invitrogen), using the primers, forward, 5ʹ-CTAGCTAGCATGGCCCAATGG AATCAGCTACAGC-3ʹ and reverse, 5ʹ-CCCAAGCTT CATGGGGGAGGTAGCGCACTCCGAG-3ʹ. ICC cells were transiently transfected using PEI (Poly plus) according to the manufacturers' instructions.
The siRNA for STAT3 was purchased from Biomics biotechnologies Co. 
Statistical analysis
Pearson's χ2 test or Fisher's exact test was used to analyze the relationship between STAT3 expression and the clinicopathologic features. Survival curves were calculated using the Kaplan-Meier method and compared using the log-rank test. The Cox proportional-hazard regression model was used for analysis to explore the effect of the clinicopathological variables and STAT3 expression on survival. Statistical significance was considered at p < 0.05. Statistical analyses were performed using SPSS Version 18.0 for Windows (SPSS, Inc., Chicago, IL, USA).
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